We investigate the transition from a mono-scroll to a double-scroll attractor observed in the chaotic dynamics of an electronic oscillator. The description in terms of an attractor merging crisis turns out to be successful. The finding is supported by the topological structure of the attractor and the scaling behavior of the mean residence time.
In a nonlinear system it is often found that a small variation of one control parameter can lead to sudden changes in the extension of its chaotic attractor. Fol lowing Grebogi, Ott, and Yorke [ 1 ] , this phenomenon is called crisis. So far, one distinguishes between an attractor destruction, an attractor widening, and an at tractor merging crisis [2] , In all cases, the crisis is a collision between the chaotic attractor and a coexist ing unstable periodic orbit or unstable fixed point. The collision is responsible for the change in the shape of the attractor. The value of the control parameter where the crisis occurs is called the critical value. In the following we study the attractor merging crisis. There, the system flips between the two parts of the merged attractor consisting of the formerly separated ones. We characterize this crisis by the average time the system spends on one part of the attractor, the so-called mean residence time. In the vicinity of the critical parameter value, there exists a scaling behav ior of the mean residence time that is predicted to follow a power law with a characteristic exponent 7.
We investigate a particular transition in the system dynamics of an autonomous electronic oscillator that has a striking appearance in the bifurcation diagram. Our experiment consists of an electric circuit capa ble to exhibit chaotic current and voltage oscillations. The circuit sketched in Fig. 1 was introduced by Shinriki et al. [3] , The system variables are V\ and V2, the voltages across the capacitors C\ and C2, respectively, and I3, the current through the resistor Rt,. The con trol parameter is the resistance of Rj. The nonlinear * Paper presented at the 5th Annual Meeting of ENDADYN, Grenoble, October 10-13, 1994. Reprint requests to Prof. Dr. J. Parisi. 
L h = -I3R 3 + V2.
The function f(V 1 -V2) represents the I-V charac teristic of the parallel connection of the Zener diodes and the resistor Ri. It shunts the resonant circuit LC2 with the parallel connection consisting of R R \ , and C\. Note that R n possesses a negative value of resistance that is realized by a so-called negative impedance converter (NIC). The latter is marked by a dashed box in Figure 2 shows the measured bifurcation diagram. Upon increasing R2, the system behavior develops via the following scenario: stable fixed point (I), perioddoubling scenario (II), mono-scroll (Rössler type) chaos (III), and double-scroll chaos (IV). We re strict ourselves to the transition from mono-scroll to double-scroll chaos. The corresponding critical value Rc is marked accordingly. For the areas III and IV, the typical experimental phase portraits are displayed in Figure 3 . It is easy to see that the structure of the mono-scroll attractor (a) again appears in the doublescroll attractor (b), when the attractor merging crisis has occurred.
In order to inspect the crisis in our electronic oscil lator, we consider the mean residence time the system spends in one part of the double-scroll attractor. This part stems from the mono-scroll attractor in the case of the two originally separated attractors. Therefore, we have measured the time series of the three variables V\, V2, and It,. An example of a time series produced by a double-scroll attractor is shown in Figure 4 . Obviously, the time series consists of a switching be tween two levels and an oscillation around each of them. Since the time series of only one single vari able does not allow for the discrimination of the two parts of the attractor, we use the time series of all three observables. For the determination of the res idence times, a plane which separates the two parts of the attractor in phase space is constructed. The 7 of the law (r) oc (R -Rcy [4] , were taken as Rc = (16.40 ± 0.02) kQ and 7 = -0.82 ± 0.01. In deed, we have confirmed this scaling law over one and a half decades. Its validity is limited for values of R close to Rc by the inevitable drift of the sys tem towards the mono-scroll area. In experiment, we therefore start with a value of R2 above the critical one Rc and decrease R2 carefully towards that crit ical value. For values of R far away from Rc (i. e., (R -Rc) > 1000Q), there exists a periodic window in the double-scroll area, which makes it impossible to verify the scaling law any further. In addition, we would like to point out that far from the critical value Rc the residence time is limited by the characteris tic time of the electronic oscillator, to = 2:ry/C^L. In our case it is to = 1.13 ms. To illustrate the scat tering of the measured data around the predicted law, Fig. 5 (b) displays the logarithmic derivation dlog(r) /dlog(i? -Rc). Here, we can also see that over more than one decade there is hardly any system atic deviation from the observed power law behavior. Obviously, all fluctuations seem to be uniformly dis tributed around the mean value 7 = -0.82. To conclude, the transition between the monoscroll and the double-scroll attractor can be described as an attractor merging crisis with a characteristic scaling of the mean residence time versus the control parameter R 2 governed by the predicted power law (r) oc CR -Rcy with 7 = -0.82.
